BACKGROUND: Gastroplasty results in a considerable reduction in food intake and dramatic weight loss. This is likely to have a nutritional impact, although it is expected that this may be minimised by good advice and supplement use. METHODS: Twenty six obese subjects were studied in detail before and after modi®ed long vertical gastroplasty (MLVG), in a setting where comprehensive nutritional advice on symptom avoidance was readily available and multivitamin supplements advised. Nutritional intake and anthropometry were measured preoperatively and at 2, 5 (n 22) and 12 months (n 11) postoperatively. RESULTS: Mean weight loss was 13%, 22% and 31% of initial body weight at the respective time points. Energy intake (EI) was signi®cantly reduced postoperatively, with the mean protein intake being only 40 gad. At 2 months, mean intakes of iron, calcium and zinc from food were 40%, 71% and 39%, respectively, of the Australian recommended dietary intake (RDI), and iron and zinc intake remained below half the RDI at 5 months. Only regular adherence to the vitaminamineral supplement, brought iron and calcium intakes close to RDI, but zinc remained low. Haemoglobin and serum ferritin concentrations did not alter signi®cantly and remained within the reference range, but serum folate fell signi®cantly between 5 months and 12 months. By 5 months, 60% of subjects never regurgitated or regurgitated less than once a week. Fresh bread was the least tolerated food. Frequency of regurgitation was not correlated with adequacy of nutrient intake. CONCLUSIONS: The results emphasise the need for regular follow-up of MLVG patients, and nutritional advice which includes diet quality as well as symptom management, and regular intake of the vitaminamineral supplement for at least a year postoperatively. Low protein intakes, however, remain of potential long-term concern.
Introduction
Gastric restrictive surgery is now a well established method of attaining substantial weight loss in the morbidly obese. In most cases, the majority of weight loss occurs within the ®rst 12±18 months postoperatively, after which weight generally stabilises with a tendency to regain some weight in subsequent years. 1, 2 Although effective as a weight loss procedure, a number of studies have shown that gastroplasty may have a nutritional cost. While it is not surprising that short-term studies have shown that the intakes of many nutrients are below the recommended dietary intake (RDI) in the early postoperative period, 3, 4 it is of concern that several small long-term studies indicate that the intake of a number of important nutrients may remain below the RDI at 1±2 years postoperatively. 5, 6 It is, however, unclear from these studies what level of dietary advice, if any, was given to subjects preoperatively or at follow-up. Nutritional supplementation is increasingly being advised for all patients who undergo gastric restrictive surgery, 4, 6, 7 but details of compliance are often not recorded or reported.
Food intolerance (with associated regurgitation) is a common problem, particularly in the early postoperative phase, but it can be reduced with intensive dietary education. Bohn et al 8 demonstrated that patients who receive intensive practical education and counselling, have less frequent regurgitation of food and manage a wider variety of solid foods in the long term, than patients who receive less education. It would be expected that this would allow improved nutrition.
The aim of this study was to perform detailed dietary analyses together with anthropometric, haematological and food intolerance assessment of a group of subjects undergoing modi®ed long vertical gastroplasty (MLVG), 9 who received preoperative dietary education and regular postoperative followup, with some dietary advice over the subsequent year. Particular emphasis was on iron, folate and B 12 status, because of identi®cation in the literature of these nutrients being of concern.
Methodology

Subjects
Twenty-six consecutive obese subjects aged 23±59 y (25 females, one male, body mass index (BMI) 31.6± 52.7 kgam 2 with 13 having a BMI b 40) undergoing MLVG surgery, were included in the study. Eligibility criteria for the study matched the eligibility criteria for MLVG, with the additional criterion, that subjects had to be undergoing gastroplasty for the ®rst time. Subjects had to be 18 y or older and have a BMI b 30 kgam 2 . Ethics approval was obtained from the Ethics Committees of Box Hill Hospital and Deakin University, and written consent was obtained from each subject. A single surgeon (AJ) performed all the operations, and each subject had access to the same level of preoperative advice and postoperative follow-up.
Dietary advice and follow-up
Prior to MLVG, subjects were provided with both verbal and written dietary instruction, which was contained in a patient information booklet and this was also referred to at follow-up. The main focus of this dietary instruction was avoidance and management of regurgitation, vomiting and food intolerance. All subjects were advised that they would need to take a low dose multivitaminamineral supplement inde®-nitely post surgery. Follow-up assessments were conducted at 3 weeks and 2 months postoperatively. Nineteen subjects (13 with an initial BMI b 40) continued their participation in the study and were assessed again at 5 months postoperatively, and 11 subjects (nine of whom had an initial BMI b 40) were available for reassessment at 12 months postoperatively. The latter is named the`one year' subgroup and their data are provided separately, as this allows examination of the serial effects in these subjects.
Anthropometric assessment
Subjects underwent anthropometric assessment prior to MLVG and at 2 months, 5 months and 12 months postoperatively. Subjects were weighed in light indoor clothing on Seca scales without shoes. Weights were recorded to the nearest 0.5 kg. Four body circumferences were measured with a small,¯exible metal tape: waist, maximal hip, mid-upper arm (MUAC) and midthigh circumference. 10 
Dietary intake assessment
Subjects completed a four day food record during the week prior to each follow-up appointment (at 2 months, 5 months and 12 months) recording all foods and¯uids consumed over four days, one of which had to be a weekend day. They were strongly encouraged to weigh foods but, where this was not possible, estimates were made using household measures or by comparison with photographs of various portion sizes of common foods, which were provided with the food diary. 11 Food weighing scales, measuring cups and spoons were offered on loan to all subjects. Dietary analyses of the food diaries were performed using the software program Diet 1 (Version 3.0, Xyris Software, Queensland, Australia), and mean nutrient intakes were calculated from the four day diary. The focus in this study was on total energy, protein, iron, zinc, calcium, ascorbic acid and thiamin, together with the percent energy from fat and from carbohydrate. The Australian RDIs were calculated for each subject, as well as the % RDI of each nutrient available from their diet. 12 Contribution from any mineralavitamin supplements was recorded, but not included in the main dietary analysis.
Complications of eating and food intolerance
Eating complications and food intolerance were measured using a system developed by Bohn 
Statistical analysis
The data were analysed by repeated measures analysis of variance (ANOVA) and subsequent paired t-tests where there was a signi®cant difference. The Bonferroni correction was used when a series of t-tests were performed. All statistical analyses were performed using SPSS for Windows (6.0). Spearman's correlation was used to assess relationships between dietary and anthropometric variables.
Results
Anthropometry
Total group (n 19). Mean weight decreased signi®cantly throughout follow-up at both 2 months (P`0.01) and 5 months (P`0.01) ( Table 1) . Mean weight loss (s.d.) at 2 months was 14.2 kg (4.5) and at 5 months was 24.0 kg (7.9), which represented a mean (s.d.) weight loss of 12.5% (2.9%) and 21.6% (5.2%), respectively. An additional seven subjects commenced the study, but withdrew before the 5 month Nutritional effects of gastroplasty PL Cooper et al follow-up, because they did not wish (or were unable) to continue in the study, usually because of travel dif®culties from regional Victoria. However, when seen at 2 months, their mean weight loss was 12.9 kg, which was similar to the mean weight loss of the 19 subjects who continued to participate in the study. All body circumferences decreased signi®-cantly (P`0.01), relative to baseline and the preceding study measurement ( Figure 1 ). In contrast, the decrease in waist-to-hip ratio (WHR) was only signi®cant (P`0.05) at 5 months relative to baseline; the mean (s.d.) WHR being 0.84 (0.05) at baseline and 0.81 (0.06) at 5 months.
One year subgroup (n 11). For the 11 subjects who participated in the study to 12 months, mean weight decreased signi®cantly throughout the entire follow-up (Table 1) . Mean weight loss (s.d.) at 2 months was 15.4 kg (4.3), at 5 months was 25.9 kg (7.2) and at 12 months was 35.5 kg (8.3). Mean (s.d.) percent weight lost at 12 months was 30.7% (6.2). With the exception of the mid-thigh measurement, body circumferences also decreased signi®cantly (P`0.01) throughout the study, both relative to baseline and to the preceding follow-up. WHR did not alter signi®cantly, however. Table 2 shows the nutrient intakes for the 16 subjects who had complete dietary data at both 2 months and 5 months. Mean daily energy intake (EI) remained signi®cantly below baseline (P`0.01) throughout the study, at both 2 months (3.41 MJ) and 5 months (4.23 MJ). Mean protein intake was 37 g at 2 months and 42 g at 5 months. Fat represented 32% and 33% of total EI at 2 months and 5 months, respectively. At 2 months, the mean intakes of iron, calcium and zinc were 40%, 71% and 39% of the RDIs of these nutrients, respectively. At 5 months, mean iron and zinc intakes had increased slightly, but to less than half the RDI. Of the macro and micronutrient intakes, only thiamin intake was statistically signi®cantly higher at 5 months.
Nutrient intake
For the subgroup of 11 subjects who continued follow-up for one year, mean daily EI remained signi®cantly below baseline (P`0.01) at 2 months (3.19 MJ), 5 months (4.05 MJ) and 12 months (5.5 MJ), although by 12 months, it had increased signi®cantly (P`0.05), relative to 2 months. Mean protein intake showed a slight increase throughout the follow-up period from 35 g at 2 months to 44 g at 12 months. Similarly, mean intakes of iron, zinc and calcium increased slightly over the 12 month period, although they remained below the RDIs. The lowest intake of any subject was higher at 12 months than at 5 months for all nutrients except zinc. Table 3 shows the percentage of subjects with an intake below the RDI, when supplement intake is not included.
There were signi®cant correlations between protein, carbohydrate, energy and fat intake (r 0.6±0.95, P`0.01), but no signi®cant correlation between MUAC or change in MUAC and protein or EI. MUAC was correlated with carbohydrate intake, but the change in MUAC was not. There was no correlation between protein intake and baseline BMI or fall in BMI at any time point, and no correlation between macronutrient intake and other anthropometric measures (waist, hip or mid thigh) or the change in these measures.
Haematology
Blood results pre-surgery and at 5 months for 17 subjects showed no signi®cant alteration in haemoglobin or serum ferritin, which also remained within reference ranges (Table 3) . At 5 months, mean (s.d.) haemoglobin was 135 (12) gaL and mean (s.d.) serum Blood results pre-surgery, at 5 months and 12 months for eight of the`one year' subgroup subjects, showed a signi®cant decrease (P`0.05) in mean (s.d.) serum folate from 9.0 (3.5) ngamL at ®ve months to 6.2 (2.8) ngamL at 12 months (Table  4) . One subject had a borderline value at 12 months, but the remaining seven subjects had values within the laboratory reference range. Haemoglobin, serum ferritin and serum B 12 did not alter signi®cantly over the one-year follow-up, and remained within laboratory reference ranges. Serum albumin concentrations measured at one year were all within the reference range of 35±50 gaL: mean (s.d.) being 45(3) gaL.
Complications of eating and food tolerance By 2 months, 80% of subjects had a V score of 4 or 5 (either regurgitating less than once per week or not at all), but at 5 months the number of subjects with a V 4±5 score had decreased to 60% (Figure 2 ). In contrast, the E score improved consistently throughout the study. The majority of subjects (80%) were able to tolerate solid red meat, chicken and ®sh, and raw fruits and vegetables at 5 months. Fresh bread was slightly less well tolerated, with only 60% of subjects being able to tolerate it at 5 months.
By 12 months, all but one of the`one year' subgroups had a V score of 4 or 5 ( Figure 2) and an E score of 4 or 5 (either unable to tolerate unminced red meat only or able to tolerate all foods).
There was no signi®cant correlation between regurgitation score and the dietary intake (as a percentage of RDI) or protein or iron.
Adherence to multivitaminamineral supplement
At 5 months, 90% of subjects reported daily or alternate day adherence to intake of one of the recommend multivitaminamineral supplements, Supradyn (Roche) or Myadec (Warner Lambert). By 12 months, only just over half (55%) the subjects reported daily, second daily or twice weekly supplement intake.
Discussion
The mean preoperative BMI and mean percent weight loss at 12 months in this study are consistent with results recently reported by Desaive, 2 who reviewed 1000 gastroplasties performed at their centre. Despite considerable weight loss at one year, seven of the 11 subjects in our study still had a BMI b 30, of whom one had a BMI b 40 kgam 2 . Our ®nding of a signi®- Nutritional effects of gastroplasty PL Cooper et al cant decrease in mean WHR at 5 months, indicates that a greater proportion of the weight lost was from central fat stores than from lower body fat stores, which is likely to have particular bene®t, given the association between central body fat and morbidity. However, there was no change in the actual number of subjects with a WHR`0.9 at 5 or 12 months. Measurement of food intake was by four day record. Subjects were provided with scales and food pictures, and asked to record in a booklet all food and drink as they consumed it. Such recording can in¯uence intake, and subjects may choose to omit some foods consumed, if they wish to be seen to eat less. However, the importance of accurate recording was stressed, subjects were told their individual results would not be returned to the clinician and by 5 months, some subjects were actually being encouraged to increase their intake by the dietitian. Alternate methods of dietary assessment are also open to subjective bias and may provide less detail on speci®c intake. 13 Mean (s.d.) EI increased signi®cantly from the early (2 months) to the late (12 months) postoperative period when it reached 5.5 MJ. For all but two subjects, EI remained below RDI, corresponding with the continuing weight loss. This result is consistent with ®ndings of Blake et al. 6 Fat intake was also low, but contributed on average 32±33% of EI, and protein intake averaged 40 gad. Inadequate protein intake post horizontal gastric banding was found by Andersen and Larsen, 14 and also low intakes of iron, zinc, magnesium, calcium, copper, thiamin and fat soluble vitamins 1±2 y postoperatively in !50% of the 18 patients.
14 This is of concern, as the suboptimal intake was continuing at one year, although the serum albumin remained within the reference range at that time. Updegraff and Neufeld 3 also found low protein intake at 4 months with a mean of 33 g, Miskowiak et al 5 found a mean intake of 24 g at 3 months and 35 g at 12 months in their 11 subjects, and Brown et al 4 reported a mean AE s.e.m. of 24 AE 3 g protein intake (n 12) at 3 months, but also found normal serum albumin concentrations at this time. Although the RDI for protein has a`safety factor', there is a minimum intake below which body protein stores will be used and a net loss occur. A prolonged net protein de®ciency, could result in reduced muscle strength and suboptimal immune function. It is thus important that protein intake is addressed in follow-up consultations, to ensure that protein energy malnutrition is not developing in any individuals. As some high protein foods such as meat are not well tolerated, early postoperatively effort may need to be made to ensure other high protein foods are eaten and that meatapoultry and ®sh are reintroduced later on.
Our ®nding of mean dietary iron intakes below RDI throughout the study is consistent with the results of several other authors who have reported mean iron intakes below RDI in both the early postoperative period 3, 4, 6 (where reduced levels of micronutrient carrier proteins may contribute) and the late 5, 6 postoperative period. Mean zinc intake was`50% RDI at 12 months. As mentioned earlier, low meat intakes may be partly responsible, although zinc intakes below the RDI are common in the general population of 800 mgad throughout the 12 month follow-up period, a ®nding consistent with Miskowiak et al 5 in their study of 11 women, but inconsistent with 
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Blake et al, 6 who found calcium intakes were around the RDI at 3±6 months and had increased to above RDI at 1±2 y postoperatively. The ®nding that mean thiamin intake remained below RDI in both the early and late postoperative period, is interesting in view of the recent report of two cases of Wernicke's encephalopathy within six months post-gastric reduction, although in both cases there had been signi®cant eating-related complications, particularly vomiting. 7 In contrast to most other nutrients, ascorbic acid intake from food was usually above the RDI for much of the postoperative period, and this is in agreement with the ®nding of Blake et al 6 . The addition from the supplement would have increased intake further. It is interesting to note that while regular adherence to a multivitaminamineral supplement (Supradyn, Roche, Basle, Switzerland or Myadec, Warner Lambert, New Jersey, USA) containing 100 mg and 70 mg calcium, respectively, and 1.5 mg and 5 mg iron and 1 mg and 1.5 mg zinc, respectively, brought mean calcium and iron intakes close to the RDI's, mean zinc intake remained well below RDI throughout the 12 month follow-up period, despite supplementation.
Although mean dietary iron intake remained low throughout the postoperative period, haematological indices of iron status were not signi®cantly decreased and remained within reference ranges. This ®nding may be partly explained by the high level of compliance (90% of subjects) to one of the recommended multivitaminamineral supplements from baseline to 5 months. It may also be explained by the facilitation of non-haem iron absorption by dietary ascorbic acid, which remained well above RDI throughout the postoperative period. Serum folate decreased signi®-cantly over the postoperative period, although levels remained within the reference range. Although this study did not determine dietary folate intake, due to lack of Australian food composition data, the results may be due to low intake, as others have reported folate intakes to be below RDI in both early and late postoperative periods. 3, 5, 6, 16 Vitamin B 12 values in the reference range may have been expected, as the body has considerable B 12 stores and longer followup would be needed to assess whether de®ciency develops. Vitamin B 12 de®ciency has been reported after gastric bypass surgery, but is uncommon after gastric reduction surgery. 17, 18 This study focused on measurement of these parameters, party because of the dif®culty of assessing intake. These are in fact two of a limited range of biochemical markers of nutritional status 19 which are easy to measure. The ®nding that the percentage of subjects with a VE score of 4±5 decreased from 80% at 2 months to 60% at 5 months is considered likely to result from increased experimentation with food choice and reduced adherence to the post-gastroplasty eating guidelines. The improvement by 12 months could be due to either improved experience of their tolerance of foods andaor slight stretching of the gastric pouch.
Conclusion
This study demonstrates that despite regular postoperative follow-up and detailed dietary advice on symptom avoidance, MLVG subjects' diets may not meet RDIs for several important nutrients at either 5 months or 12 months postoperatively. The ®nding that serum ferritin and folate remained within reference ranges, suggests that the high level of compliance (90% at 5 months and 55% at 12 months) to a multivitaminamineral supplement containing iron and folic acid, was effective in preventing de®ciencies of these nutrients, until at least one year postoperatively. Intake of other micronutrients in the supplement would have improved overall nutritional intake, but supplement use decreased after ®ve months. As overall nutrient intake was not related to VE score, it is not appropriate to just select patients with symptoms for continuing adviceasupplementation. It is possible that the nutritional advice given focused too much on avoiding symptoms and not enough on optimising nutrient intake, particularly of protein. We need to ensure that subjects, whose focus is on losing weight, are aware of the adverse effects which may result from nutrient de®ciencies. This study indicates that long term nutritional monitoring, and clear and appropriate dietetic advice on diet quality, together with adherence to an appropriate multivitaminamineral supplement, is essential. Our conclusion can at present only be applied to one year post surgery, as longer term review has not yet been completed, but our data and that from other studies, 14, 20 suggests that there may be ongoing issues of concern, requiring nutritional intervention and support. This is in line with the National Institutes of Health (NIH) Consensus Development Conferences report, 21 emphasising the importance of a multidisciplinary approach involving surgeons and nutritionists, in the care of severely obese patients.
